Quantitation of neurons using stereologic approaches reduces bias and systematic error, but is timeconsuming and labor-intensive. Accurate methods for quantifying neurons in vitro are lacking; conventional methodologies are limited in reliability and application. The morphological properties of the soma and neurites are a key aspect of neuronal phenotype and function, but the assays commonly used in such evaluations are beset with several methodological drawbacks. Herein we describe automated techniques to quantify the number and morphology of neurons (or any cell type, e.g., astrocytes) and their processes with high speed and accuracy. Neuronal quantification from brain tissue using a motorized stage system yielded results that were statistically comparable to those generated by stereology. The approach was then adapted for in vitro neuron and neurite outgrowth quantification. To determine the utility of our methods, rotenone was used as a neurotoxicant leading to morphological changes in neurons and cell death, astrocytic activation, and loss of neurites. Importantly, our technique counted about 8 times as many neurons in less than 5-10% of the time taken by manual stereological analysis.
Introduction
Neurons and glia are differentially affected by neurotoxins, neurodegenerative disease and multiple other insults, including trauma. Reliable and quantitative tools to measure neurodegeneration are needed, and the manual approaches currently used are insufficient. For neuronal analysis, it is not enough to just determine cell number; changes in cell morphology have been related to cell death and neurite quantification is also needed as neurodegeneration often begins in distal regions of the neuron.
Superficially, neuron counting would seem simple; however, the distribution of cells is not random and for this reason, stereological methods have been developed which do allow for accurate quantitation. The optical fractionator is generally accepted as the most efficient and accurate counting approach, combining the optical dissector with spatial sampling methods that are statistically optimized (West et al., 1991) . This technique uses systematic random sampling (SRS) to generate unbiased data, but is extremely time-consuming.
In contrast to counting neurons within the exquisitely ordered structure(s) found in brain sections, neurons grown in culture are randomly organized and are not amenable to classic stereology. Accordingly, most investigators continue to utilize the traditional visual enumeration method, selecting representative fields of view and manually counting immunostained neurons (Caiazzo et al., 2011) . It is possible to use flow cytometry to generate simple cell counts (Meyer et al., 1980) or tritium uptake to indirectly measure cell survival (Gao et al., 2011; Mytilineou and Cohen, 1984) but neither method allows the subtlety needed to define cell structure or health.
Chronic inflammation involving activated astroglia is a pathognomonic sign of many human diseases including neurodegenerative disorders. Astrocyte organization is regionally consistent and spatially distinct; however, morphology of individual cells may behave independently of region and can be considerably influenced by environmental factors (Bushong et al., 2003) .
Specific morphologic changes such as cell elongation, cell shrinkage, condensation of chromatin, and changes in membrane morphology are consequence of cellular differentiation, cellular toxicity or pathology. In neurodegenerative disorders, cells undergoing apoptosis display typical morphological alterations (Mattson, 2000) . Thus, alterations in cell structure are events of particular importance in Neurobiology of Disease 54 (2013) Contents lists available at SciVerse ScienceDirect
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